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ABSTRACT
This study uses stochasticCobb-Douglasproductionfrontier to estimatefarm level
technicalefficiency of rice farms. Average technicalefficiency of sampled farms was
estimatedto be 85percentwith a minimumof 57 percentanda maximumof 96 percent.The
resultsfurthershowedthatthevisits of agriculturalextensionagentson thefarmor farmers'
visits to extensionoffice andthe availabilityof agriculturalcreditplayedsignificantrole in
improvingtechnicalefficiency.More experienced(aged)andeducatedfarmersalso realized
high productive efficiency and thus output; huwever, the effect was not statistically
significant.Theseresultsimply thatconsiderablescopeexistsin thesampledareato increase
riceoutputby improvingfarmmanagementandprovidingotherfacilitiestothefarmers.
I. INTRODUCTION
Agriculture sectorcontributesabout24 per cent towardsthe gross domestic
productof theeconomy.This sectorconsistsof two mainsub-sectorsnamelycrop
andlivesLOcksectors.Cropsshareabout54 percentof thenationalagriculturalGDP
while the remaining46 percent is sharedby livestock, fisheries, and forestry
(Pakistan,1997).
Rice is andimportantfood cropafterwheatandis grownover 10percentof the
totalcroppedareaandaccountsfor about17percentof theacreageunderfoodgrains.
The totalareaunderricecropwas2.321million hectaresin 1997-98ascomparedto
1.204million hectaresbackin 1959-60showinganincreaseof about93 percentover
the·lastthreeandhalf decades.However,thetrendof areaunderrice duringthelast
couple"'of yearsshowsthe potentialof increasein areaunderthis crop has almost
beenexhausted,
As regardsper hectareyield of rice, it suffersstagnationand is fluctuating
between1600to 1912kgs during the last two decades.Moreover, this observed
averageyield per hectare,i.e. 1912kgs is well below thepotentialyield thatis of
7410kgsperhectare(Pakistan,1988).
The first authoris a Senior ResearchEconomist,PakistanInstituteof DevelopmentEconomics.The secondandthird
authorsarerespectivelyLecturerand formerstudentof agriculturalEconomicsatUAF, Pakistan.
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Above discussionshowsthatit is theyield per hectareof rice thatwill haveto
playa majorrole in increasingtheproductionof ricecropto copewith theincreasing
demandfor food of rapidly expandingpopulation.In order to cope with these
challenges,it is requiredthatthefactorswhichareresponsiblefor low yieldshouldbe
takencare of. One of the major factors in consideredto be the low productive
efficiency,which is alsocalledmanagementor technicalefficiency.The conceptof
technicalefficiency was first developedby Farrell in 1957. According to him,
technicalinefficiencyariseswhenactualor observedoutputis lessthanthemaximum
achievablepotential.
The studyathandwill estimatethetechnicalefficiencymeasuresof rice farmers
andidentifythefactorswhichaffecttheefficiency.It is hopedthattheresultsof this
studywould be of greatinterestfor the policy makersand plannerto devisethe
policies that will in turn raise yield per hectareof rice throughappropriateand
efficientuseof availableresources.
MeasurementofTechnicalEfficiency:A review
It was Farrell (1957) who first proposedan approachto estimateproductive
efficiency of observedunits. Farrell's original work was extendedby Charnes,
CooperandRhodes(1981),Fare,Grosskopfand Lovell (1985),andbanker,Charnes
andCoopper(1984),amongothers.The procedureusedto estimateefficiencyin all
of thesestudieswas non-parametricmethodology.This methodologyhasalsobeen
extendedto parametricmodels.These modelsincludedeterministicand stochastic
frontiers. In deterministicmodels any deviation from the frontiers is due to
inefficiency.On theotherhandstochasticapproachallowsfor statisticalnoise.
The stochasticfrontiermodelwas independentlydevelopedby Aigner, Lovell
and Schmidt,and Meeusenand Van den Brock in 1977.The key featureof the
stochasticfrontiermodelis thattheerrorin themodelhas two components.One is
symmetricandcapturesstatisticalnoiseandexogenousshocksandtheotheris one
sidedthatcapturesinefficiencysuchasmistakesrelatedtomanagement.
As regardsapplicationof thesemethodologiesin caseof rice crop,manystudies
have been conductedusing data from various countries.These studies include:
Belbaseand Grabowski (1985)usedNepal's data;Kalirjan (1991),Kalirajan and
Shand (1985)utilized Indian data;Kalirajan andFlinn(1983),.Kalirajan (1984and
1990),Dawson,Lingard andWoodford(1991)werebasedon thePhilippinesdata;
Ekanayake. (1987) and Ekanayakeand Jayasuryia(1986)analyzeddatafrom Sri
II. DATA AND EMPIRICAL MODEL
Lanka.ThestudythatusedPakistaniBasmatiricedatais thatof Ali andFlinn (1987).
Thelaterstudywasbasedonstochasticprofitfunctionapproachusingcross-sectional
datafor thecropseason1981-82andcomputedeconomicefficiencies.Consequently,
thepresentstudywouldbean-interestingcomparison.
Thedatausedin thisstudywerecollectedfor thecropseason0 1996-97fromthe
districtof Sheikhpura.For the collection of data, a stratifiedrandom sampling
techniquewasadoptedto selectvillagesnamelyRattiRibbi, TahirabadandAmarkot
from AhmadabadTehsil, which representalmost the average condition of
Skeikhupuradistrict.The farmersof RattiTibbi, TahirabadandAmarkotwereabove
15Kms,8-5Kms and0-8Kmsawayfromthemaingrainmarket,respectively.About
30 farmersfromeachvillagewereselectedfor thepurposeof analysis.Thus,thetotal
samplesizecomprisedof 90 farmers.A detailedquestionnairewasdesignedandpre-
testedfor localconditionstocollecttheneededinformationfromtherespondents.
A stochasticproductionfrontiertechniquewasusedto achievedesiredobjective
of thestudy.The Cobb Douglasfunctionalform was preferredbecauseof its well
knownadvantages.The empiricalmodelis writtenas
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In(Y;) =130 +131 In(NC) +132 In(LPC) +133 In(FC) +134 In(IC) +135 In(CC)
+136 Dz +137 DV2 +138 DV3 +139 ADV1 +I31OADV2 +1311 ADV3
+1312 Timsow+v;- ~; (1)
where:
referstoithfarm;
In denotesthenaturalogtothebasee;
Y is thetotaloutputof Basmati385in maundsperfarm;
NC is thenurserycostfor allsownacreageunder'l3asmati;
LPC is landpreparationcostforbasmatirice;
FC is fertilizercostincurredperfarm;
IC is theirrigationcostincurredperfarm;
CC representsthechemicalcostincludingpesticidesprayandweedicideused;
DZ representsthedummyvariableshowingthevalueof I if zincwasusedon
thefarm,otherwisezero;
DV2 andDV3 aredummyvariablesforvillagesfor villageTahirabadandAmarkot;
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ADVI>ADV2 andADV3 representarea under Bamati 385 in Ratti Tibbi,
TahirabadandAmarkot;
Timsow is dummyvariableif thecropwasrelativelysownearlyshowingthe
valueof 1,otherwisezero;
~s areunknownparameterstobeestimated;
V is usualrandomerrortermidenticallyindependentlynormallydistributed
withmeanzeroandvariancecr2Vi and
Il is non-negativeunobserablerandom rariable associatedwith the
technicalinefficiencyof production. It assumeshalf normaldistribution
withmeanzeroandvariance~Ili.
Dataon 84samplefarmsof threevillagesin Sheikhup[uradistricthavebeenused
to estimatetheparameterestimatesof theproductionfrontier.Othersix observations
weredroppeddueto incompleteinformation.
Technicalefficiency(TE) of rice farmerswascalculatedby takingtheexponent
of thepredictednonnegativeunobseravablerandomvariablethatcanbeexpressedas
TEi =EXP( -Ili). In ordertodeterminetheeffectof variousfarmspecificvariableson
thetechnicalefficiencyof ricefarkers,technicalefficiencywasregressedon farmand
farmer specific variables using ordinary least squaretechnique.The model is
expressedas
TEi =al + a2 AGEj +a) EXTj +<X.1CRED +as OWNRAT+cx<;DV2+a? DV3+al +Ej (2)
WhereAGE is theageof thefarmer;EXT representsthenumberof visitsby the
extensionagenton thefarmor thefarmers'visit to theextensionoffice; CRED is a
dummyvariableshowingwhetherthecreditwas obtainedor not;andOWNRAT is
theratioof farmareaownedto totalfarmsize.
III. THE RESULTS
The stochasticCobb Douglasproductionfrontierwas estimatedusing LIMDEP
version7 (Green,1995).The maximumlikelihoodestimates(MLE) of thestochastic
CobbDouglasproductionfrontieraswell astheOLS estimatesarepresentedin Table
l.The R2 valuefor thismodelis 0.96,whichindicatesthat96percentof thevariation
in rice outputis explainedby thevariableincludedin theproductionfunction.Given
thecross-sectionalnatureof thedata,thevalueof thisstatisticis high showinggood
fit of the model to the dataat hand.The stochasticfrontiermodel providestwo
additional'parameterestimates,i.e., A and cr which are significantat five percent
critical level or better.Out of other 13 parameterestimates,8 are statistically
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significantat five percentlevelof significanceor better.Moreover,all theparameter
estimateshaveexpectedsigns.
The ratio of the standarderrorof Ili andVi, i.e..A, is 1.9.This magnitudeof A
showsthattheone-sidederrortermIli dominatesthesourcesof randomvariationin
the model implying that the discrepanciesbetweenthe observedoutputand the
frontieroutputaredueprimarilytotechnicalinefficiencyin thesampledarea.
The index of technicalefficiencyfor the rice farmersis calculatedby taking
exponentof theone-sidederrorterm.Theresultsshowawidevariationin thelevelof
technical efficiencies across farms. For example,the minimum and maximum
technicalefficienciesin thesampleare57 percentand96 percent,respectively.Gut
of the sampleof 84 farms,26 percenthavetechnicalefficiencyof 80 percentor
below,46 percentaretechnicallyefficientfrom81to 90percent,while theremaining
28 percenthavetechnicalefficiencyof higherthan90 percent.The averagetechnical
efficiency for the entiresampleof farms is 85 percent.This shows that thereis
considerablescopefor increasingthetechnicalefficiencyandthustheproductivityas
well astheoverallriceoutput.
Table 1: Parameter Estimatesof Cobb-DouglasProduction Frontier
Variable OrdinaryLeastSquaresStochasticFrontier
Estimates
I St.ErrorEstimatesI St.Erro
Constant
0.00690.537748040.5418
NurseryCost(NC)
14 3***048912 **5 7
Land Prep.Cost(LPC)
77295 690
FertilizerCost (FC)
6456517 2701
Irrigation I
81360 *28
Chemical )
5101 3
Zinc (DZ)
87856
V llage 2 (DV2)
423431 9
3 3)
32845
B s atiArea ADVl)
73987 23
i 2)
669 2
3
1 417
Time S wing
9064
A = 0"1l/O"v
--1.9044**.9
..j 2 2
0.2359***0"= O"Il+O"v
R2
9
***, ** and* : Significantat theone,five and10percentlevels,respectively.
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Comparisonof thesemeasureswiththatof theotherstudieswhousedthericedataof
variouscountriesshowsthattheaveragetechnicalefficiencyof thesampledfarms
fall very well in therange,i.e., 50 percentto 100percent.Comparisonof average
technicalefficiency(i.e.,85percent)with thatof Ali andFlinn (1987)who, though,
computedeconomicefficiency(i.e., 69 percent)indicatessignificantimprovement
overtime.
To assessthe determinantsof productionefficiency, the index of technical
efficiencywasregressedon variousfactorsusingEquation2.The resultsarereported
in Table2. The resultsindicatethatthenumberof yearsof educationof thefarmers
havepositiveimpacton thetechnicalefficiency.However,theeffectis statistically
non-significant.The age of the farmershas also positive associationwith the
technicalefficiencyindicatingthattheagedfarmerswho havemoreexperiencein
farming are technicallymore efficient; however,the impact is statisticallynon-
significant.
Agricultural extensionservices play crucial role in increasing agricultural
productivityby transferringnew technologyandinformationat thefarm level.The
coefficientof extensionvariableis positivein signandis alsostatisticallysignificant,
implying that the close contactof the farmerswith the extensionagentsof the
departmentof agricultureincreasestheproductionpotential.
Table2:FactorsAffectingTechnicalEfficiencyofSampleFarms
Variable CoefficientsStandardError
Constant
0.8573***0.0314
Education(Educ)
00060 3
Age
20
xtens xt)
8942
redit(Cred)
2 81
Ra ioofOwnLandTotalFarmSize(OWNRAT)
-0. 25687
Village2(DV2)
44
3( V3
1 01
***, ** and* : Significantattheone,five and 10percentlevels,respectively.
The adoptionof new agriculturetechnologiesrequiresinvestmenthatcould be
financedeitherfromthesavingsof thefarmersor borrowingfromothersources.The
resultsof this study show that the accessand availabilityof agriculturalcredit
statisticallysignificantlyincreaseefficiencyof rice farms.Anotherimportantrather
, I'
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surprisingresultis thatthefarmerswhohadrented-inmorelandaretechnicallymore
efficientthanthefarmerswho cultivatetheirown land.It maybedueto thefactthat
thefarmerswhocultivaterentedin landtheydohavetopayrentor shareto theland
OWllers.From the rest over they have to meetthe cost of productionand save
somethingfor otherneeds.Therefore,dueto this economicpressuretheyput more
effortandtry toachievethehigheroutputpotential.
The coefficientsof village dummiesshow that the farmersof village 2 (i.e.
Tahirabad)arestatisticallysignificantmoreefficientthatthoseof thevillage 1 (i.e.
RattiTibbi). The farmersof village3 werealsomoretechnicallyefficientthanthose
of village1:however,thedifferenceappearstobenon-significant.
IV. CONCLUSION
This studyusestochasticCobb-Douglasproductionfrontiertoestimatefarmlevel
technicalefficiency using input and outputdatafrom 84 farms from Ahmadabad
tehsilof district Sheikhupura.The resultsshowthattheaveragetechnicalefficiency
of sampledrice farmersis about84 percentwith a minimumof 57 percentand a
maximumof 96 percent.Sincetechnicalefficiencyrepresentsthedegreeof abilityto
producethemaximumachievable(Frontier)outputfroma givenbundleof inputs,it
is possibleto increaseaverageoutputby about15percentfromtheexistingbundleof
inputs.Althoughthecomparisonof averagetechnicalefficiencywith thatof themean
economicefficiencyof previouslydoneAli andFlinn (1987)studybasedon 1981-82
datafrom Gurjranwala district of Punjab is difficult, it does suggestsignificant
improvementin managerialskills overthelastoneandahalfdecade.Oneof themain
reasonsfor this trendcouldbe thatthericeregionfacesalmostthestatictechnology
setup.Thus anaveragerice farmerhasmovedcloserto theoutputfrontierover the
years.
Secondstepanalysis,wheremeasuresof technicalefficiencieswereregressedon
differentfarm and farmerspecificcharacteristics,showsthatagriculturalextension
servicesandavailabilityof agriculturalcreditplaypositiveandstatisticallysignificant
role in achievingfrontieroutput.Age and educationalso havepositiveeffecton
technicalefficiency;however,theeffectis statisticallynon-significant.The ratioof
own land to total farm size for the sampledfarmsshowsthathigherthe ratio the
lower is the technicalefficiency.This indicatesthatthefarmerswho plough more
rentedin areaaremoreefficientthanthatof thefarmerscultivatingland.This result
is verysurprisingandrequirescarefulinterpretation.
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